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(g) Liquid crystal display apparatus. 

(g) A liquid crystal display apparatus has LOCOS 
insulating layers having an increased thickness 
under pixel electrodes, the LOCOS insulating 
layers being formed by LOCOS-oxidizing a Si 
layer formed on a glass substrate. Because of 
the thick LOCOS insulating layers, the pixel 
electrodes are provided at an elevated position 
which is substantially the same level as the top 
surfaces of the TFT portions. The apparatus 
also has metal layers of W, Al or the like which 
connect the elevated pixel electrodes and the 
drains. After W, Al or the like is deposited on the 
top surface of the drains, ITO is deposited to 
form the pixel electrodes so that the electrodes 
are connected to the deposited metal layers. 
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BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to a liquid crystal 
display apparatus for displaying images or pictorial 
images. 

Description of the Related Art 

To improve the resolution or display precision of 
a liquid crystal display apparatus for displaying im- 
ages or the like, one frame needs to be divided into 
as many picture elements as possible. In other words, 
the liquid crystal display apparatus needs to have a 
display panel comprising a very large number of pix- 
els. To efficiently drive many pixels, the active matrix 
method is widely employed, in which switching devic- 
es provided in the individual pixels are matrix-driven 
so as to turn the pixel electrodes on and off. 

According to the types of switching devices, the 
active matrix method fall into two main groups: the 
three-terminal method, and the two-terminal meth- 
od. Liquid crystal display apparatuses employing 
three-terminal devices, particularly, liquid crystal dis- 
play apparatuses employing thin film transistors (re- 
ferred to as "TFT"s hereinafter) formed by using 
amorphous silicon or polycrystal silicon, have been 
studied and developed. 

Fig. 11 is a schematic sectional view of a display 
portion of a conventional liquid crystal display appa- 
ratus employing TFTs. The figure shows: a transpar- 
ent substrate 1 made of, e.g., glass; an active layer 2 
to 4 of a TFT (regions 2 to 4 are referred to as a 
"source", a "drain" and a "channel", respectively); a 
gate 5 of the TFT; a source line 6 made of ITO (indium 
tin oxide) or a metal such as Al; a pixel electrode 7 
generally made of ITO, the pixel electrode 7 being 
connected to the drain 3; insulating layers 9, 9' and 
9"; alignment control films 10 and 10' for aligning liq- 
uid crystal molecules; a liquid crystal 11; a counter 
electrode 12; and a counter substrate 13. In a normal 
production method, the two substrates 1 and 13 are 
formed separately, and the liquid crystal 11 is en- 
closed in a gap between the substrates while the gap 
size is being controlled by a spacer (not shown). The 
molecules of the liquid crystal 11 sandwiched be- 
tween the substrates 1 and 13 are orientated in ac- 
cordance with electric field which is controlled by 
switching of the TFT, thus changing the light trans- 
mission characteristic thereof. 

However, because the gap size d y in a pixel por- 
tion is substantially greater than the gap d 2 size over 
the TFT as shown in Fig. 11, the electric field in the 
pixel portion is different from the electric fields E 2 and 
E 3 over the TFT (Ei < E 2 , E 3 ). Therefore, the electric 
field E1 in the pixel portion is strongly affected by the 
neighboring electric fields E2 and E3, thus causing 



deterioration of the image quality or other adverse ef- 
fects. Further, the difference between the gap sizes 
d1 and d2 directly affects orientation of the liquid 
crystal molecules and, therefore, also causes deteri- 

5 oration of the quality of a displayed image. 

Japanese Patent Application Laid-Open No. 62- 
247330 discloses a method of substantially eliminat- 
ing the above-described gap size difference by pro- 
viding an insulating layer between the two pixel elec- 

10 trades. However, this method cannot be simply ap- 
plied to a display apparatus employing TFTs. Produc- 
tion of semiconductor active devices, such as TFTs, 
requires complicated and elaborate processes and, 
therefore, makes the quality control thereof very dif- 

15 ficult. 

Further, in a TFT formed as described above, two 
contact portions where the source region 2 and the 
drain region 3 are connected to a connecting line of 
the source line (signal line) 6 and the pixel electrode 

20 7 respectively are surrounded by the insulating layers 
9 and 9' and, thus, have the shapes of deep wells. 
Therefore, it is difficult to achieve good connection in 
the contact portions. Particularly, good connection 
between the pixel electrode 7 made of ITO and the 

25 drain region 3 is likely to fail, resulting in an increased 
contact resistance. Because ITO, which is used to 
achieve the essential condition of pixel electrodes, 
that is, transparency, has a low film forming temper- 
ature of about 150 to 300°C, filling the well-like con- 

30 tact portion with ITO (referred to as "step coverage" 
hereinafter) often fails and connection to the drain 
portion 3. Further, because the gap size between the 
substrates greatly vary over at the contact portions, 
disturbance of the liquid-crystal orientation character- 

35 istic and the display characteristic may well deterior- 
ate. If ITO is also used to form the source lines 6, the 
same types of problem will occur, thus reducing the 
yield. 

40 SUMMARY OF THE INVENTION 

Accordingly, the present invention is intended to 
solve the problems of the conventional art, which 
problems are caused by the gap size difference as 

45 described above. 

An object of the present invention is to provide a 
liquid display apparatus which achieves an improved 
reliability by unfailingly obtaining good connections of 
the source and drain regions of the transistors to their 

so neighboring line and electrodes, particularly, good 
connections between the drain regions and the pixel 
electrodes, and which also achieves an improved liq- 
uid-crystal orientation characteristic by substantially 
leveling the top portion of the TFTs and the surround- 

55 ing portions thereof. 

An aspect of the present invention provides an 
active-matrix type liquid crystal display apparatus 
comprising: a thin film transistor for acting as a 
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switching device; a pixel having an electrode which is 
connected to a main electrode of the thin film transis- 
tor; and an insulating layer formed under the elec- 
trode of the pixel, the insulating layer being thicker 
than an active layer of the thin film transistor. 

Another aspect of the present invention provides 
an active-matrix type liquid crystal display apparatus 
comprising: a thin film transistor for acting as a 
switching device; a pixel having an electrode which is 
connected to the thin film transistor; and a metal layer 
provided at least in a connecting portion which con- 
nects the thin film transistor and the electrode of the 
pixel. 

Further objects, features and advantages of the 
present invention will become apparent from the fol- 
lowing description of the preferred embodiments with 
reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of an essential portion 
of an embodiment of the present invention. 

Figs. 2(a) to 2(c) illustrate the process of LOCOS 
(local oxidation of silicon) according to the present in- 
vention. 

Fig. 3 is a sectional view of an essential portion 
of another embodiment of the present invention. 

Fig. 4 is a sectional view of an essential portion 
of still another embodiment of the present invention. 

Fig. 5 is a sectional view of an essential portion 
of a further embodiment of the present invention. 

Fig. 6 is a sectional view of an essential portion 
of a still further embodiment of the present invention. 

Fig. 7 is a sectional view of an essentia! portion 
of a conventional color-image liquid crystal display 
apparatus. 

Fig. 8 is a sectional view of a TFT portion accord- 
ing to an embodiment of the present invention. 

Fig. 9 is a sectional view of a TFT portion accord- 
ing to another embodiment of the present invention. 

Fig. 10 is a sectional view of a TFT portion ac- 
cording to still another embodiment of the present in- 
vention. 

Fig. 11 is a sectional view of an essential portion 
of a conventional liquid crystal display apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An active-matrix type liquid crystal display appa- 
ratus according to the first aspect of the present in- 
vention comprises: a thin film transistor for acting as 
a switching device; a pixel having an electrode con- 
nected to the main electrode of the thin film transistor; 
and an insulating layer formed under the electrode of 
the pixel, the insulating layer being thicker than an 
active layer of the thin film transistor. 

A LOCOS (local oxidation of silicon) layer should 



be preferably provided to control the thickness of the 
insulating layer. 

Figs. 2(a) to 2(c) illustrate a method of forming a 
LOCOS layer. In the first step, polycrystal silicon 22 

5 is deposited on a quartz substrate 21 by C VD (chem- 
ical vapor deposition), as shown in Fig. 2(a). Use of 
the quartz substrate is preferable because quarts 
substrate is suitable for the wet oxidation performed 
at high temperatures of 1 ,000 to 1 ,000°C which is per- 

10 formed at a later step. Next, an oxide thin film 23 is 
provided on the polycrystal Si 22, on which film SiN 
patches 24 are formed by patterning, as shown in Fig. 
2(b). Finally, selective oxidation is performed, thus 
forming a LOCOS layer 25 which has a thickness in- 

15 creased by the oxidation, as shown in Fig. 2(c). 

According tothe present invention, the active lay- 
ers of the TFTs are formed by using, preferably, poly- 
crystal Si, amorphous Si or monocrystal Si. Such sil- 
icons can be suitably produced or formed on a sub- 

20 strate by any method that is currently employed for 
that purpose. Monocrystal Si is particularly prefer- 
able because a monocrystal thin film epitaxially 
grown on a porous Si substrate has practically no de- 
fects and the production cost thereof is relatively low. 

25 The porous Si substrate has pores having an 

average diameter of about 600 A according to trans- 
mission electron microscopic observation. The por- 
ous Si substrate retains a monocrystal property while 
the density thereof is reduced to about half the den- 

30 sity of monocrystal Si. Therefore, the porous Si sub- 
strate facilitates both epitaxial growing of a mono- 
crystal Si layer and accelerated etching. However, if 
the porous Si substrate is subject to a temperature of 
1 ,000°C or higher, the favorable accelerated etching 

35 characteristic deteriorates because the inner pores 
are rearranged at such temperatures. Therefore, the 
epitaxial growth of a Si layer is suitably performed by 
a low-temperature method such as molecular beam 
epitaxy, plasma CVD, thermal CVD, optical CVD, 

40 bias sputtering or the liquid crystal growth method. 

Amethod in which a p-type Si is made porous and 
a monocrystal layer is epitaxially grown thereon will 
be described. 

First, a monocrystal Si substrate is made porous 

45 by anodization using HF solution. The density is sub- 
stantially reduced from 2.33 g/cm 3 of monocrystal Si 
by the anodization. Any desired density of the porous 
Si substrate within a range between 0.6 and 1 .1 g/cm 3 
can be obtained by suitably determining a HF concen- 

50 tration in the solution within a range between 20 and 
50 wt%. The porous layer can be easily formed on a 
p-type Si substrate because of the below-described 
reason. 

The porous Si was found as a by-product while a 
55 study was being conducted to develop the electrolytic 
polishing technique. When Si dissolves into HF solu- 
tion during anodization, positive holes are required for 
the following anodic reaction of Si: 
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Si + 2HF + (2-n)e + SiF 2 + 2H + + ne" 
SiF 2 + 2HF -> SiF 4 + H 2 
SiF 4 + 2HF -+ H 2 SiF 6 



or 



Si + 4HF + (4-X)e + -> SiF 4 + 4H + + TjT 
SiF 4 + 2HF H 2 SiF 6 
where e + and e" are a positive hole and an electron, 
respectively; and n and X are the numbers of positive 
holes necessary for one atom of Si to dissolve, a con- 
dition n>2 or X>4 needing to be satisfied in order to 
form porous Si. 

Thus, p-type Si having positive holes can be easi- 
ly made porous. 

Further, it was reported that high-concentration 
n-type Si can also be made porous. Thus, both p-type 
Si and n-type Si can be made porous. 

Since a great deal of void is formed inside the sil- 
icon substrate during anodization, the density of the 
porous layer is reduced to less than half the density 
of the non-porous layer, and the surface area of the 
porous layer is increased at a rate greater than the in- 
creasing rate of the volume thereof. Therefore, the 
porous layer is chemically etched at a much greater 
rate than the non-porous monocrystal layer. 

Monocrystal Si is made porous by anodization 
under the following conditions: 
applied voltage, 2.6 V; 
current density, 30 mAcrrr 2 ; 
anodization solution, HF:H 2 0:C 2 H 5 OH = 1:1:1; 
anodization time, 2.4 hours; 
thickness of porous Si, 300 urn; and 
porosity, 56 %. 
Silicon is epitaxially grown on the porous Si substrate 
formed under the above conditions, thus forming a 
monocrystal Si thin film. The thickness of the mono- 
crystal Si thin film should preferably be 50 ^m or less, 
more preferably, 20 \xn\ or less. 

After the surface of the monocrystal Si thin film 
is oxidized, the oxide layer on the surface of the 
monocrystal Si thin film is stuck to a substrate which 
will serve as the substrate of the liquid crystal display 
apparatus. Alternatively, another monocrystal Si sub- 
strate is separately prepared, and the surface thereof 
is oxidized. Then, the oxidized surface (the oxide film 
surface) of the monocrystal Si substrate is stuck to 
the surface of the monocrystal Si thin film which has 
been formed on the porous Si substrate. In either of 
these cases, an oxide film is provided in the interface 
between the monocrystal Si thin layer and the other 
substrate. The oxide film therebetween is advanta- 
geous because, for example, if the other substrate is 
glass, the interfacial state between the Si active layer 
and the oxide film is lower than the interfacial state 
which would be created between the Si active layer 
and the glass itself, thus significantly improving the 
electronic device characteristics. A still another meth- 
od may be employed in which the porous Si substrate 
is removed by selective etching and, then, the mono- 



crystal Si thin film is stuck to another substrate. The 
surfaces of the monocrystal Si thin film and the other 
substrate are washed, and then they are put in con- 
tact with each other. In this manner, Van der Waals 
5 attraction couples the two substrates so fast that they 
cannot be easily pulled off. To complete coupling 
therebetween, the coupled substrates are heated in 
an atmosphere of nitrogen at a temperature in a range 
between 200 and 900°C, preferably in a range be- 
10 tween 600 and 900°C. 

Then, a layer of Si 3 N 4 is deposited as an etching 
protection film on the entire surface of the coupled 
substrates, followed by removing the Si 3 N 4 layer only 
from the surface of the porous Si substrate. Instead 
15 of the Si 3 N 4 layer, Apiezon wax may be used. Finally, 
the entire porous Si substrate is removed by, e.g., 
etching, thus obtaining a semiconductor substrate 
having a layer of thin film monocrystal Si. 

A selective etching method in which the porous 
20 Si substrate is removed by electroless wet etching will 
be described. 

Selective etching of the porous Si can be suitably 
performed without etching crystal Si by using any of 
the following HF containing solutions: hydrofluoric 
25 acid; buffered hydrofluoric acid containing ammoni- 
um fluoride (NH 4 F), hydrogen fluoride (HF) or the like; 
hydrofluoric acid containing hydrogen peroxide, or a 
mixture thereof with buffered hydrofluoric acid; hy- 
drofluoric acid containing alcohol, or a mixture thereof 
30 with buffered hydrofluoric acid; or hydrofluoric acid 
containing hydrogen peroxide and alcohol, or a mix- 
ture thereof with buffered hydrofluoric acid. The cou- 
pled substrates are dipped in any of the above listed 
solutions in order to perform etching. The etching rate 
35 varies depending on the temperature of the solution 
and the concentrations of hydrogen fluoride, buffer- 
ing substances and hydrogen peroxide in the etching 
solution. The addition of hydrogen peroxide solution 
to the etching solution accelerates the oxidation of Si, 
40 thus increasing the reaction rate. Further, by varying 
the concentration of hydrogen peroxide in the etching 
solution, the reaction rate can be controlled. Still fur- 
ther, if alcohol is added to the solution, the gas foams 
produced by the reaction will be immediately removed 
45 from the etching surface without stirring the solution, 
thus facilitating uniform and efficient etching of the 
porous Si. 

The concentration of HF originating from the buf- 
fered hydrofluoric acid in the etching solution should 

so preferably be in a range between 1 an 95 wt%, more 
preferably between 1 and 85 wt%, and still more pre- 
ferably between 1 and 70 wt%. The concentration of 
NH 4 F originating from the buffered hydrofluoric acid 
in the etching solution should preferably be in a range 

55 between 1 and 95 wt%, more preferably between 5 
and 90 wt%, and still more preferably between 5 and 
80 wt%. 

The HF concentration in the etching solution 
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should preferably be in a range between 1 and 95 
wt%, more preferably between 5 and 90 wt%, and still 
more preferably between 5 and 80 wt%. 

The H 2 0 2 concentration in the etching solution 
should preferably be in a range between 1 and 95 5 
wt%, more preferably between 5 and 90 wt%, and still 
more preferably between 1 0 and 80 wt%. Further, the 
H 2 0 2 concentration should be determined so as to 
achieve the desirable effect of H 2 0 2 described above. 

The alcohol concentration in the etching solution 10 
should preferably be 80 wt% or lower, more preferably 
60 wt% or lower, and still more preferably 40 wt% or 
lower. Further, the alcohol concentration should be 
determined so as to achieve the desirable effect of al- 
cohol described above. 15 

The etching temperature should be preferably in 
a range between 0 and 100°C, preferably between 5 
and 80°C, and still more preferably between 5 and 
60°C. 

Any alcohol can be suitably used in the etching 20 
solution as long as it achieves the desirable effect of 
alcohol described above and it has practically no ad- 
verse effect on the processes of producing the liquid 
crystal display apparatus of the invention. Examples 
of such alcohol are ethyl alcohol and isopropyl alco- 25 
hoi. 

The above-described method of producing a 
semiconductor substrate is described in, e.g., Euro- 
pean Patent Application Laid-Open No. 469630. 

The semiconductor substrate obtained as descri- 30 
bed above has a monocrystal Si layer which is com- 
parable with an ordinary Si wafer. The monocrystal Si 
layer is uniformly and flatly formed as a thin film over 
the entire surface of the substrate. 

According to the present invention, the peripheral 35 
driving circuits can be formed on the Si substrate in 
the same manner as in a conventional liquid crystal 
display apparatus. Further, the display portion can be 
made transparent. 

If a pixel electrode made of ITO fails to achieve 40 
good contact with the drain because the thickness of 
the insulating layer under the pixel electrode is in- 
creased, metal layers may be formed on the drains to 
facilitate good connection of ITO to the drains. 

If the present invention is applied to a color image 45 
display apparatus, the light-blocking layer can be pro- 
vided on the TFT substrate side instead of providing 
it on the counter electrode side as in the conventional 
art, thus improving the light-blocking effect thereof. 

According to the present invention, the gap be- so 
tween the substrates in the pixel portions is reduced 
to substantially the same size as the gap therebetw- 
een the substrates over the TFT portions by increas- 
ing the thickness of the insulating layers under the 
pixel electrodes. However, even if the insulating lay- 55 
ers becomes so thick that the gap in the pixel por- 
tions will become smaller than the gap in the TFT por- 
tions, the gap size in the pixel portion can be adjusted 



by reducing the thickness of an insulting layer provid- 
ed over the pixel electrode. 

[Embodiment 1] 

Fig. 1 illustrates Embodiment 1 according to the 
liquid crystal display apparatus of the present inven- 
tion, in the figure, the same numerals as those in Fig. 
11 showing the conventional art are used to denote 
the equivalent portions. This embodiment has a LO- 
COS layer 8 in an insulating layer which also includes 
a insulating film 9. Because of the LOCOS layer 8, the 
thickness of the insulating layer under a pixel elec- 
trode 7 is increased, compared with that in the con- 
ventional art. As a result, an insulating film 9* extend- 
ing over the pixel electrode 7 and a TFT portion is 
made substantially flat. In other words, the gap sizes 
d 1 and 62 are substantially equal. Therefore, the elec- 
tric field applied to a liquid crystal 11 is substantially 
uniform. 

E1 » E 2 » E 3 

Thus, good display characteristics are obtained. 

The LOCOS layer 8 is formed as shown in Figs. 
2(a) to 2(c). After a polycrystal Si layer 22 is formed 
on a transparent substrate 21 made of, e.g., glass, an 
oxide layer 23 is formed on the surface of the poly- 
crystal Si layer 22. Then, instead of immediately pro- 
ceeding to formation of TFT by local patterning as is 
done in an ordinary method, the portions which will 
be used to form TFTs are masked with SiN patches 
24, and oxidation is perfumed (local oxidation of sili- 
con). Thick oxide layers (LOCOS layers) 25 are thus 
formed as shown in Fig. 2(c). 

[Embodiment 2] 

Fig. 3 illustrates Embodiment 2 of the present in- 
vention. This embodiment is formed as described be- 
low. First, monocrystal Si is formed by using porous 
Si, as described above. After oxidizing the surface of 
the monocrystal Si to form a Si0 2 film 33, a Si sub- 
strate 31 is stuck to the surface of the Si0 2 film 33. 
Then, after necessary members are formed on the 
substrate, a portion of Si substrate 31 is removed 
from the display portion by etching. The Si02 film 33 
serves as an etching stopper. The void formed by 
etching filled with a potting material 32 in order to re- 
inforce the substrate. 

Because this embodiment employs monocrystal 
Si having no defects, it increases the TFT driving 
speed (fi = 1 0 — > 500 cm/Vsec) and reduces the TFT 
leak current (10- 10 -> a range between 1(h 12 and 
10-13A). 

[Embodiment 3] 

Fig. 4 illustrates Embodiment 3 of the present in- 
vention. In this embodiment, the insulating layer un- 
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der a pixel electrode 7 is composed of only one layer 
instead of two layers (the LOCOS layer 8 and the in- 
sulating film 9 in Embodiments 1 and 2). First, a Si lay- 
er is formed on a substrate 1 so as to become thicker 
than the active layers 2, 3 and 4 of the TFTs which will 
be formed later. Then, only the TFT portions of the Si 
layer are etched to obtain a thickness necessary to 
form TFTs, and the unetched portions of the Si layer, 
which are therefore thick, are oxidized (LOCOS), 
thus forming a LOCOS layer 8. Naturally, the thus- 
formed LOCOS layer 8 is thicker than the LOCOS 
layers 8 in Embodiments 1 and 2. Because the LO- 
COS layer 8 in this embodiment is substantially thick, 
the size of the gap between the substrates can be 
made substantially consistent without providing an 
extra insulating layer under the pixel electrode 7. 

[Embodiment 4] 

In this embodiment, the insulating layer under the 
pixel electrode is formed by patterning instead of LO- 
COS (local oxidation of silicon) as in Embodiments 1 
to 3. Embodiment 4 does not have any disadvantages 
in its structure or performance, compared with Em- 
bodiment 1 to 3. 

[Embodiment 5] 

Fig. 5 illustrates Embodiment 5 of the present in- 
vention. As shown in the figure, a portion where a pix- 
el electrode 7 is connected to a drain 3, in other 
words, a portion which is surrounded by an insulating 
layer 9 around a gate 5 and insulating layers 8 and 9 
provided under the pixel electrode 7, is deeper than 
the comparable portion in a conventional liquid crys- 
tal display apparatus, because the thickness of the 
insulating layers 8 and 9 is increased according to the 
present invention. Therefore, when ITO is vapor-de- 
posited to form the pixel electrode 7, ITO might fail to 
reach the drain 3 through the deep well-like portion 
described above, resulting in a poor or no connection 
between the drain 3 and the formed pixel electrode 
7. However, in this embodiment, a metal layer 51 is 
provided between the drain 3 and the pixel electrode 
7 so as to make a good connection therebetween. 
The metal layer 51 should preferably be made of a 
metal, e.g., W or Al, which will reach the drain 3 and 
fill the deep well-like portion by vapor deposition. By 
providing the metal layers 51, the reliability of a liquid 
crystal display apparatus can be significantly in- 
creased. 

[Embodiment 6] 

Fig. 6 illustrates Embodiment 6 of the present in- 
vention. This embodiment is a liquid crystal display 
apparatus for displaying color images. For compari- 
son, a conventional color liquid crystal display appa- 



ratus is shown in Fig. 7. Both figures show color filters 
66 and 66' and light blocking layers 71 and 71'. In the 
conventional apparatus, the light blocking layers are 
provided on the counter electrode, as shown in Fig. 

5 7. In other words, the light blocking layers 71 and 
7V are substantially apart from the TFTs, about 6 to 
1 0 urn apart, and this distance is filled with insulating 
layers, lines, the color filters and liquid crystal. There- 
fore, the conventional art has a problem in that light 

10 refracted while traveling through the many different 
layers leaks from the TFT portions, thus deteriorating 
image contrast and tone gradation characteristics. If 
light blocking layers are provided close to the TFTs to 
eliminate this problem in the conventional apparatus, 

15 the gap size difference further increases. Therefore, 
to solve this light leaking problem, the light blocking 
layers are allowed to cover peripheral portions of the 
pixel as well as the TFT portions, according to the 
conventional art. In other words, the light leaking 

20 problem is mitigated in exchange for a reduction of 
the numerical aperture. Thus, the conventional art 
has a problem of relatively dark images. 

However, according to the present invention, 
since the difference between the gap size in the pixel 

25 portions and the gap size over the TFT portions is 
substantially eliminated, the light leaking problem can 
be solved by providing light blocking layers close to 
the TFTs without causing any significant problem. 
As shown in Fig. 6, the apparatus of Embodiment 

30 4 has first light blocking layers 61, 62 and second light 
blocking layers 64, 65 which are provided close to a 
TFT. Actually, the first light blocking layers 61, 62 are 
lines which are connected to a source 2 and a drain 
3 of the TFT, respectively. The lines 61 , 62 are formed 

35 in such shapes as to cover the source 2 and the drain 
3, respectively. The second light blocking layers 64, 
65 are provided on insulating layers 9 surrounding the 
first light blocking layers 61 , 62, so as to cover the first 
light blocking layers 61 , 62. Thus, these light blocking 

40 layers 61 , 62, 64 and 65 substantially shield the TFT 
from light. The first light blocking layers 61, 62 are 
made of a metal, such as Al, because t hey must serve 
as electric lines connected to the TFTs. The second 
light blocking layers 64, 65 can be suitably made of a 

45 metal such as Al. Because the second light blocking 
layers 64, 65 do not serve to conduct current, the 
electric potential thereof is fixed. 

Because this embodiment substantially elimin- 
ates light leakage and yet achieves a great numerical 

50 aperture, it can display high-quality image having 
very good contrast and gradation characteristic. 

A liquid crystal display apparatus according to 
the second aspect of the present invention has em- 
bedded metal layers provided at least in connecting 

55 portions where pixel electrodes are connected to the 
drain regions of the TFTs. Preferably, embedded met- 
al layers should be provided in both the connecting 
portions where pixel electrodes are connected to the 



6 



11 



EP0 554 060 A2 



12 



drain regions and the connecting portions where 
source lines are connected to the source regions of 
the TFTs. The embedded metal layers help achieve 
good connections therebetween, improving reliabili- 
ty. " 5 

According to the present invention, any metal 
may be used to form the embedded metal layers as 
long as it has good electric conductivity and its step 
coverage during film formation is better than ITO. 
However, preferable examples of the metal are Wand w 
Al. Embedded metal layers may be formed in the con- 
necting portions after the inner surfaces of the con- 
necting portions are covered with films of barrier met- 
al such as UN. The barrier metal films substantially 
prevent oxygen from leaking to the transistors (TFTs). 15 

The embedded metal layers are advantageous 
particularly if the TFTs are formed by using mono- 
crystal Si thin film portions isolated by LOCOS (local 
oxidation of silicon). During LOCOS, oxidized por- 
tions become thick. The insulating layers having thus- 20 
increased thicknesses are likely to reduce the widths 
(diameters) and increase the depth of the well-like 
connecting portions connecting to the drain regions. 
If the connecting portions have such dimensions, it is 
difficult for ITO to unfailingly connect to the drain re- 25 
gions without providing embedded metal layers in the 
connection portions. The above-mentioned mono- 
crystal Si film may be formed by a method disclosed 
by EP 469630. 

Monocrystal Si thin film portions may also be iso- 30 
lated by, e.g., etching. If the isolated monocrystal Si 
thin film portions are employed, switching devices 
can be driven at high speed, thus improving the per- 
formance of the liquid crystal display apparatus. 

As described above, according to the present in- 35 
vention, a monocrystal Si thin film should preferably 
be used to form TFTs. However, TFTs may be formed 
of polycrystal Si deposited on a glass su bstrate by the 
CVD method. A metal such as Al or W may be embed- 
ded in contact portions connected to the source re- 40 
gions and drains of the TFTs. 

[Embodiment 7] 

Fig. 8 illustrates Embodiment 7 of the present in- 45 
vention. Embedded metal layers 81 and 81' made of 
Al are provided in a connecting portion which con- 
nects a source region 2 of a TFT to a source line 6 and 
a connecting portion which connects a drain 3 to a pix- 
el electrode 7, respectively. These Al layers 81 and so 
81' is formed by, e.g., AI-CVD under the following 
conditions: 

film forming gas, DMAH (dimethylaluminium 
hydride, (CH 3 ) 2 AIH) 

pressure, 1 .2 to 3 Torr 55 
DMAH partial pressure, 1.1 to 1 2.6 x 10" 3 Torr 
temperature, 270 to 290°C 
By providing layers of suitable metal, such as Al, 



in the well-like portions connecting to the TFTs, the 
source lines 6 and the pixel electrodes 7 made of ITO 
will unfailingly connect to the TFTs without having to 
enter the well-like portions. The connecting portions 
have a depth of about 0.5 to 1 urn and a contact area 
of about 0.6 to 5 nm 2 . The source lines 6 are formed 
of a material, such as Al or Al-Si-Ca, by a known meth- 
od such as sputtering or CVD. 

[Embodiment 8] 

Fig. 9 illustrates Embodiment 8 of the present in- 
vention. In this embodiment, a monocrystal Si thin 
film as described above is provided on a glass sub- 
strate 1 and oxidized by the LOCOS method. Si0 2 
layers having an increased thickness are thus 
formed. TFT are formed by using the unoxidized por- 
tions of the LOCOS-treated monocrystal Si thin films. 
Because a Si0 2 layer 8 is thickerthan theactive layer 
2 to 4 of a TFT, a pixel electrode 7 is provided at an 
elevated position which is about as high as a top por- 
tion of the TFT portion. Therefore, the liquid-crystal 
contact surface of the substrate containing TFTs can 
be made substantially flat, thus improving the liquid- 
crystal orientation characteristic. However, because 
the thickness of insulating layers 8 and 9' under the 
pixel electrode is increased, well-like portions con- 
necting to a drain region 3 and a source region 2 of 
the TFT may become deep and/or narrow. In this em- 
bodiment, the well-like portions are filled with metal 
layers 81, 81' so that the top surfaces of the metal 
layers 81, 81' are substantially at the same level as 
the top surfaces of insulating layers 9 and 9 f , and then 
the pixel electrodes and source lines are formed. 
Therefore, good connections can be unfailingly ach- 
ieved between the drain regions and the pixel elec- 
trodes and between the source regions and the 
source lines. 

[Embodiment 9] 

Fig. 10 illustrates Embodiment 9 of the present in- 
vention. This embodiment has double-layered metal 
layers in the well-like portions connecting to the TFTs. 
TiN barrier metal films 101 and 10V having thick- 
nesses of about 1,000 to 2,500 A are formed on the 
surfaces of the well-like portions by sputtering. Then, 
Al is deposited only on the TiN barrier metal films 101 
and 101' by the AI-CVD method so as to fill the well- 
like portions, thus forming metal layers 102 and 102'. 

[Embodiment 10] 

This embodiment is substantially the same as 
Embodiment 7, except that W is used instead of Al to 
form metal layers in the well-like portions. In detail, a 
WFe-SiH 4 -H 2 system is used to grow W layers only on 
Si portions. The suitable conditions are as follows: 
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SiHs/WFe = 0.6 to 0.8 
substrate temperature, 300°C 
pressure, 0.1 Torr 

[Embodiment 11] 5 

This embodiment is substantially the same as 
Embodiment 7, except t hat TiN/AI/TiN triple layers are 
provided instead of the Al single layers. The 
TiN/AI/TiN triple layers improve the ohmic character- w 
istic between ITO and monocrystal Si because they 
improve the ohmic characteristic between ITO and Al 
as described below. ITO, used as the material of a 
transparent electrode, contains oxygen. Therefore, 
when ITO is in direct contact with an Al layer, the con- 15 
tact surface of the A! material is oxidized by oxygen 
contained in ITO, thus forming an insulating layer, 
such as Al 2 0 3 , on the contact surface. This insulating 
layer may well increase the contact resistance. This 
problem is substantially prevented in this embodi- 20 
ment because it employs the TiN/AI/TiN triple layers, 
thus achieving a good ohmic characteristic. 

As described above, because a liquid crystal dis- 
play apparatus according to the present invention has 
pixel electrodes which are provided at substantially 25 
the same level as the top portions of the TFT por- 
tions, the gap size between the substrate is made 
substantially consistent, thus achieving an improved 
liquid-crystal orientation characteristic and uniform 
electric field. Therefore, the liquid crystal display ap- 30 
paratus of the invention can display high-quality im- 
ages. Further, because light blocking layers can be 
provided close to the TFTs in a color liquid crystal dis- 
play apparatus according to the present invention, 
large apertures can be obtained. Therefore, the appa- 35 
ratus can display images having high contrast and 
good gradations. 

Further, according to the present invention, be- 
cause metal layers are provided at least in connecting 
portions between the TFTs and the pixel electrode, 40 
good connections therebetween can be unfailingly 
achieved. Therefore, the yield and reliability can be 
improved. 

While the present invention has been described 
with reference to what are presently considered to be 45 
the preferred embodiments, it is to be understood that 
the invention is not limited to the disclosed embodi- 
ments. To the contrary, the invention is intended to 
cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the ap- 50 
pended claims. The scope of the following claims is 
to be accorded the broadest interpretation so as to en- 
compass all such modifications and equivalent struc- 
tures and functions. 



Claims 

1 . A liquid crystal display apparatus of an active ma- 
trix type, comprising: 

a thin film transistor for acting as a switch- 
ing device; 

a pixel having an electrode which is con- 
nected to a main electrode of said thin film tran- 
sistor; and 

an insulating layerformed undersaid elec- 
trode of said pixel, said insulating layer being 
thicker than an active layer of said thin film tran- 
sistor. 

2. A liquid crystal display apparatus according to 
Claim 1, wherein at least a portion of said insu- 
lating layer is a LOCOS layer. 

3. A liquid crystal display apparatus according to 
Claim 1, wherein at least a portion of said insu- 
lating layer is formed by patterning. 

4. A liquid crystal display apparatus according to 
Claim 1, wherein the active layer of said thin film 
transistor is formed of monocrystal Si. 

5. A liquid crystal display apparatus according to 
Claim 1, wherein the substrate of a peripheral 
driving portion is a Si substrate, said peripheral 
driving portion excluding a display portion, and 
wherein said display portion is transparent. 

6. A liquid crystal display apparatus according to 
Claim 1, wherein said pixel electrode and said 
main electrode of said thin film transistor are con- 
nected by a metal layer. 

7. A liquid crystal display apparatus according to 
Claim 1, further comprising: 

metal electrodes connected to the source 
and the drain of said thin film transistor respec- 
tively, said metal electrodes being formed in such 
shapes as to serve as first light blocking layers 
which respectively cover the source and the drain 
of said thin film transistor; 

a second light blocking layer covering sub- 
stantially the entire area of said thin film transis- 
tor, said second light blocking layer being sepa- 
rated from said first light blocking layers by an in- 
sulating layer. 

8. A liquid crystal display apparatus of an active ma- 
trix type, comprising: 

a thin film transistorfor acting-as a switch- 
ing device; 

a pixel having an electrode which is con- 
nected to said thin film transistor; and 

a metal layer provided at least in a con- 
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necting portion which connects said thin film tran- 
sistor and said electrode of said pixel. 

9. A liquid crystal display apparatus according to 
Claim 8, wherein the active layer of said thin film 5 
transistor is isolated by LOCOS-oxidizing a 
monocrystal Si thin film. 

10. A liquid crystal display apparatus according to 
Claim 8, wherein said metal layer is formed of W 10 
orAI. 

11. A liquid crystal display apparatus according to 
Claim 8 V wherein said metal layer is composed of 

a barrier metal layer and an Al layer. 15 

12. A liquid crystal display apparatus of an active ma- 
trix type, comprising 

a thin film transistor for acting as a switch- 
ing device; and 20 

a pixel having an electrode which is con- 
nected to said thin film transistor; and 

a connective member of conductive mate- 
rial different to material of said electrode afford- 
ing electrical connection between said thin film 25 
transistor and said electrode. 

13. A liquid crystal display apparatus as claimed in 
both claims 1 and 8 or in both claims 1 and 12. 

30 

14. Aliquid crystal display apparatus of an active ma- 
trix type, comprising a thin film transistor for act- 
ing as a switching device; and 

a pixel having an electrode which is con- 
nected to said thin film transistor; 35 

wherein cell gaps above said film transis- 
tor and said electrode respectively, are substan- 
tially equal in thickness. 

15. A liquid crystal display apparatus as claimed in 40 
both claims 1 and 14. 
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(£) Liquid crystal display apparatus. 



(57) A liquid crystal display apparatus has LOCOS 
insulating layers having an increased thickness 
under pixel electrodes, the LOCOS insulating 
layers being formed by LOCOS-oxidizing a Si 
layer formed on a glass substrate. Because of 
the thick LOCOS insulating layers, the pixel 
electrodes are provided at an elevated position 
which is substantially the same level as the top 
surfaces of the TFT portions. The apparatus 
also has metal layers of W, Al or the like which 
connect the elevated pixel electrodes and the 
drains. After W, Al or the like is deposited on the 
top surface of the drains, ITO is deposited to 
form the pixel electrodes so that the electrodes 
are connected to the deposited metal layers. 



5 



FIG. I 



PIXEL PORTION 

A 



"~>13 



^V: f t: 


mmmm 


if 


L 


?, 


/ \. - 












6 2 


Mi I 

U 5 3 

y 


' 8 




n 

9 1 





TFT 



s 

in 
o 

Q. 

LJJ 



Jouve. 18, rue Saint-Denis. 75001 PARIS 



EP 0 554 060 A3 



Europe; 
Office 



i Patent 



EUROPEAN SEARCH REPORT 



Application Number 

EP 93 30 0568 
Page 1 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate. 


i\Mvr aiii 


CLASSIFICATION OF THE 


of relevant passages 


to daim 


APPI JCATION Ant. CI.5 I 


X 


PATENT ABSTRACTS OF JAPAN 


1 


G02F1/136 




^ i *» ., nno in qac\\q Ltt M ^»k i QOQ 

vol. 13, no. 098 QP-840;8 March i9o9 








& JP-A-63 279 ZZo \ UM bLtLIKlL ) lb 








November 1988 






Y 




9 A. ft 






4» 1 j- . _ — a. * 

* abstract * 






X 


PATENT ABSTRACTS OF JAPAN 


i 
1 






vol. 12, no. 163 (P-703)(3010; 18 May 1988 








& JP-A-62 278 537 ( TOSHIBA ; 3 December 








1987 






A 




7 
f 






abstract 






Y 


PATENT ABSTRACTS OF JAPAN 


2 






vol. 15, no. 188 (P-1201)15 May 1991 
















February 1991 






A 




3 






* abstract * 








9 HATADACC UD T 1 

& UAIADAbh WrlL 




TECHNICAL FIELDS 




ween, x'tjiy 




SEARCHED (Int. C1.5 ) 




uerwent rUDncawions Ltd., Lonaon, ud, 








AM 01-AQQ71& 

an yi uyooio 




G02F 




& JP-A-03 042 627 (MATSUSHITA) 22 February 








1991 








* abstract * 






Y 


US-A-4 024 626 (LEUPP ET AL.) 


4 




A 


5 






* column 4, line 55 - column 6, line 36; 








figures 3-7 * 






Y 


PATENT ABSTRACTS OF JAPAN 


6 






vol. 13, no. 316 (P-900)(3664) 18 July 








1989 








& JP-A-01 086 113 ( CASIO ) 30 March 1989 








* abstract * 








-/-- 






The present search report has been drawn up for all claims 







THE HAGUE 



Datt«foMvM»M*«Mfc*i 

23 SEPTEMBER 1993 



G. Lipp 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken lion* 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P ; intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted In the application 
L : document cited for other reasons 



A : member of the s 



s patent family, corresponding 



2 



EP 0 554 060 A3 



J 



European Patent 
Office 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time Of filing more than ten claims. 

AM claims lees have been paid within the prescribed time limit. The present European search report has been 
drawn up for all claims. 

Only part of the claims fees have been paid within the prescribed time limit The present European search 
report has bean drawn up for the first ten claims and tor those claims for which claims lees have been paid. 



□ 
□ 



□ 



namely claims: 

No claims tees have been paid within the prescribed time limit. The present European search report has been 
drawn up for the first ten claims. 



| LACK OF UNITY OF INVENTION 

The Search Oivision considers thai the present European patent application does not comply with the requirement of unity of 

invention and relates to several inventions or groups of inventions. 

namely: 



see sheet -B- 



□ 
□ 



All further search fees have been paid within the fixed time limit The present European search report has 
been drawn up for ail claims. 

Only pan of the further search fees have been paid within the fixed time limit. The present European mrcn 
report has been drawn up for those parts of the European patent application which relate to the inventions in 
respect of which search fees have been paid, 

namely claims: 

None of the further search fees has been paid within the tiaed time limit The present European search report 
has been drawn up for those parts of the European patent application wnich relate to the invention first 
mentioned in the claims. 

namely claims: ^ _ 



3 



EP 0 554 060 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 93 30 0568 
Page 2 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant I 



Relevant 
to( 



CLASSIFICATION OF THE 
APPLICATION gnj. Q.S ) 



X 
Y 



EP-A-0 449 123 (SONY) 



* column 9, line 51 - column 10, line 6; 
figure 13 * 

DATABASE WPI 
Week 4877, 

Derwent Publications Ltd., London, GB; 
AN 77-85481 

& JP-A-52 124 860 (TOKYO SHIBAURA) 2 
October 1977 

* abstract * 

JOURNAL OF THE ELECTROCHEMICAL SOCIETY, 
USA 

vol. 138, no. 3, March 1991, 
pages 802 - 806 

J.R. TR0XELL & N.I. HARRINGTON 'enhanced 
polysllicon thin film transistor 
performance by oxide encapsulation' 

* Chapter : " TFT Fabrication Process", 
page 803-804 * 

DATABASE WPIL 
Week 2488, 

Derwent Publications Ltd., London, GB; 
AN 88-164211 

& JP-A-63 101 831 (NEC) 6 Nay 1988 

* abstract * 

DATABASE WPIL 
Week 0688, 

Derwent Publications Ltd., London, GB; 
AN 88-039207 

& JP-A-62 297 289 (MATSUSHITA) 24 December 
1987 

* abstract * 



8,10, 
12-15 
11 



11 



TECHNICAL FIELDS 
SEARCHED (Int. CLS ) 



The present search report has been drawn up for all < 



Place •tiewtk 

THE HAGUE 



Date «f smfUUn «f lie Md 

23 SEPTEMBER 1993 



G. Lipp 



s 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 
Y : particularly relevant if combined with 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but pa blisbed on, 01 

after the filing dale 
D : document cited in the application 
L : document dted for other reasons 

A : member of the sai 



4 



r 

EP 0 554 060 A3 



European Patent 

Office EP 93 30 0568 -B- 



LACK OF UNITY OF INVENTION 

The Starch Division considers (not the present European patent appiicabon don not comply with the requirement of unity of 

invention and relates to several inventors or groups of inventions. 

namely: 




1. Claims 1-7 : Active matrix LCD with thick 

isolating layer. 

2. Claims 8-11,12,13 : Metallic connections between TFT- 

and pixel electrodes and a thin 
isolation layer, 

3. Claims 14,15 : LCD with equalised cell gaps. 



5 



